Objectives: To evaluate the effects and the predictive value of environmental risk factors on the success of different reconstruction materials used in ossiculoplasty. Study Design: Retrospective case review. Setting: Tertiary referral university hospital. Patients: Between January 2007 and October 2010, 110 patients who underwent ossiculoplasty with or without mastoidectomy due to chronic otitis media were enrolled in the study. All patients were classified into 1 of the 3 risk groups (mild, moderate, and severe) according to their measured Middle Ear Risk Index score. Interventions: The patients underwent exploratory tympanotomy, tympanoplasty, or tympanomastoidectomy (canal wall-up or wall-down), all with ossicular reconstruction. The ossicular reconstructions were performed using either bone cement, autologous bone interposition, or allograft material. Main Outcome Measures: For each patient, the air-conduction threshold and air-bone gap (ABG) were measured at the 12th month after ossiculoplasty. The ABG gain and air-conduction improvement were compared with preoperative values. The correlation of the success of ossiculoplasty with the middle ear risk group of patients was investigated. Moreover, the efficacy of different types of reconstruction material on the success of ossiculoplasty in the same risk group was evaluated. Results: In the mild-and moderate-risk groups, the ABG gain (p = 0.001 and p = 0.014) and air-conduction improvement (p G 0.001 for both) were statistically significant, whereas those changes were found to be insignificant in the severe-risk group. Moreover, the ABG gain and air-conduction improvement in none of the risk groups revealed a significance in favor of any of the used reconstruction materials.
The ideal tympanomastoid surgery should eradicate inflammation and reconstruct a sound conduction system between the eardrum and the inner ear with a well-aerated mucosa-lined middle ear (1, 2) . The main goal of ossiculoplasty is to establish ossicular continuity to improve the sound conduction and impedance matching system with an intact tympanic membrane. There has been a growing research interest in the restoration of ossicular defects in chronic otitis media surgery for more than 50 years. Ossiculoplasty can be accomplished via various replacement prostheses, which are classified as autograft, homograft, and allograft materials. They are commonly used either in the form of total (TORP) or partial ossicular prostheses (PORP), which is determined by the presence and motility of certain ossicles (3, 4) .
The search for the ideal reconstruction material for the maintenance of ossicular continuity is an evolutionary process. Several materials including bone cement, autologous bone interposition, and titanium or hydroxyapatite ossicular replacement prostheses such as TORP and PORP, have been applied in different studies (3Y9). Factors contributing to the success of ossiculoplasty with replacement prostheses included biocompatibility, configuration, stability, availability, and capability of optimal sound conduction (9Y11). However, optimal results in ossicular restoration depend not only on the quality of reconstruction material and the technique used but also on the severity of middle ear pathophysiological conditions and the status of the patient (5, 11, 12) .
Middle ear prognostic factors that influence both the functional and the surgical outcomes of ossiculoplasty in patients who underwent middle ear surgery were described by Becvarovski and Kartush (13) , with the established protocol Middle Ear Risk Index (MERI). In the revised version of MERI, risk scores are assigned to each of the following factors: presence of otorrhea, perforation, cholesteatoma, granulation, previous surgery, and ossicular status. If the patient is a smoker, 2 more points are added to the total risk score (as shown in Table 1 ). The MERI scores enable the classification of patients into different prognostic categories and the comparison of functional outcomes between those categories.
Previous research analyzed the prognostic value of conditions in the middle ear where the prostheses is placed and the impact of different types of restoration material on the success of ossiculoplasty (5, 6, 14) . However, there is no agreement among these studies regarding the success of reconstruction materials in ossiculoplasty. In this study, the relation between middle ear risk groups and the types of restoration material used for ossiculoplasty was studied by assessing surgical and hearing outcomes.
The aim of this retrospective study was to evaluate the influence and predictive value of environmental risk factors on the success of different restoration materials used in ossiculoplasty.
MATERIALS AND METHODS
A retrospective chart review of patients who underwent ossiculoplasty with or without mastoidectomy due to chronic otitis media between January 2007 and October 2010 was conducted. The operations were performed by 2 senior ear surgeons at the Department of Otolaryngology of Uludag University under general anesthesia. The exclusion criteria were as follows: 1) the absence of postoperative follow-up or audiogram, 2) inaccessible preoperative records, 3) the presence of traumatic ossicular chain defect, and 4) the use of radical mastoidectomy. In total, 110 patients (64 females and 46 males) with an average age of 34.8 years (ranging from 11 to 70 yr) were enrolled in the study.
Background data of all patients, such as preoperative middle ear status, preoperative audiogram, intraoperative findings regarding ossicular chain and mucosa, the type of material used (i.e., PORP or TORP, bone cement, and autologous bone interposition), the type of surgery (i.e., exploratory tympanotomy with ossicular reconstruction, tympanoplasty with ossicular reconstruction, or tympanomastoidectomy either canal wall-up or wall-down with ossicular reconstruction), were retrieved from the patients' files. The patients were evaluated according to the collected clinical data, and their MERI scores were measured. Each patient was classified into 1 of the 3 ''risk groups'' according to his/her MERI score: 1) mild-risk group (from 0 to 3 points), 2) moderate-risk group (from 4 to 6 points), and 3) severe-risk group (7 or more points). In each risk group, 3 different types of materials were used for ossiculoplasty: 1) autologous bones (i.e., incus or malleus remnant), 2) raw glass ionomer cements (Ketac Cem Radiopaque, ESPE, Germany) for rebridging defects between ossicles, and 3) titanium ossicular replacement prostheses (Medtronic Xomed, Jacksonville, FL, USA), namely, PORP or TORP. Table 2 summarizes the number of patients and the distribution of different reconstruction materials used for ossiculoplasty in each risk group.
All patients were reevaluated postoperatively at the 12th month, and micro-otoscopic examinations with pure-tone audiograms were performed. In our study, the success of surgery was assessed according to the guidelines delineated by the Committee on Hearing and Equilibrium of the American Academy of OtolaryngologyYHead and Neck Surgery. A mean air-bone gap (ABG) of 20 dB or less at frequencies of 0.5, 1, 2, and 3 kHz was accepted as a successful hearing result. For evaluating hearing outcomes, the mean of air-conduction thresholds and the mean ABG at 0.5, 1, 2, and 3 kHz were recorded. We compared the preoperative and postoperative hearing results (i.e., change in the mean air-conduction thresholds and rate of closure in the mean ABG) and the surgical results (i.e., graft failure, prostheses extrusion, and eradication of inflammation) of different MERI risk groups. For each risk group, we also compared the hearing and surgical results of different reconstruction materials.
Statistical analysis was performed/conducted using SPSS v.13.0 for Windows (SPSS, Inc., Chicago, IL, USA). The preoperative and postoperative ABG and air-conduction thresholds variables were analyzed with ShapiroYWilk test to ascertain if the distribution followed a normal curve. The comparisons of values for risk groups were analyzed with Wilcoxon signed-rank 
The total MERI score was measured by addition of values assigned for each risk factor. 
RESULTS
The follow-up duration was between 12 and 56 months, with an average of 23.6 months. For the whole study group, the mean MERI score was 4.85. There was no tympanic membrane perforation in 48 patients before surgery. Thus, tympanic reconstruction was required only in 62 patients where temporal muscle fascia was used in 36 patients, and tragal cartilage island graft was used in the remaining 26 patients. A success rate of 82.3% was achieved in those tympanoplasty operations because graft failure was observed only in 11 patients during control examinations. In addition, extrusion of allograft material was observed as a late postoperative complication in 2 patients.
In 33 patients, atticotomy and/or mastoidectomy (either canal wall-up or canal wall-down) was performed to completely eradicate cholesteatoma and to achieve a diseasefree environment for ossicular reconstruction. The surgery was primary in 80 patients. On the other hand, 15 patients had staged surgery mainly due to stapes fixation and the remaining 15 patients had revision surgeries.
The mean preoperative and postoperative air-conduction thresholds were 48.14 T 15.39 and 37.57 T 17.32 dB, respectively. The improvement in average air-conduction thresholds was statistically significant (p G 0.001). The mean ABG was significantly ( p G 0.001) reduced from 28.81 T 10.89 to 23.98 T 12 dB (as shown in Fig. 1 ). The ABG was 20 dB or less in 50 patients. Thus, a clinical success of 45% was achieved.
The evaluation of air-conduction improvement revealed a significant decrease in the mild and moderate risk groups postoperatively ( p G 0.001 for both). However, the decrease observed in the severe risk group was not statistically significant ( p = 0.117). The mean preoperative ABG values was decreased in the mildand moderate-risk groups but no statistically significant ( p = 0.986) change was observed in the severe-risk group. In the mild-and moderate-risk groups, a significant improvement in the ABG change was observed ( p = 0.001 and p = 0.014, respectively). The comparison analysis of risk groups according to air-conduction improvement and ABG gain showed significance ( p = 0.022 and p = 0.024, respectively) in favor of the mild-risk group. The dual analysis of risks groups indicated that this significance was mainly achieved due to the changes between the mild-and severe-risk groups. Our study showed that both the air-conduction improvement and ABG gain get higher as the MERI score gets lower (as shown in Table 3 ).
In each risk group, air-conduction improvement and ABG gain with the use of different types of reconstruction material were compared. To achieve accurate statistical results, cases without normal distribution were excluded from the analysis (i.e., allograft patients in the mild-risk group and bone cement patients in the severe-risk group). In the mild-risk group, there was no significant ( p = 0.520) difference between the air-conduction improvement of the groups who underwent autologous bone interposition and bone cement application. Similarly, the difference between the ABG gains of these 2 groups was not statistically significant ( p = 0.774). In the moderate-risk group, no statistically significant difference was observed between the air-conduction improvements ( p = 0.295) and ABG gains ( p = 0.236) of the autologous bone group, bone cement group, and allograft group. In the severe-risk group, there was no statistically significant difference between the autologous bone group and the allograft group in air-conduction improvement and ABG gain ( p = 0.571 and p = 0.181) (as shown in Fig. 2 and Table 4 ).
DISCUSSION
Since 1950s, the motivation behind middle ear surgery has changed from simply eradication of the middle ear pathologic disease to reconstruction of middle ear structures simulating the original state (5, 6) . Because of the chronic infection process, middle ear ossicles are often adversely affected, and hence conductive hearing loss occurs. To compensate this impedance matching deficit, several surgical modalities such as autologous bone insertion, allograft material usage, and glass ionomer cement application are used. The objective assessment 14) revealed a mean ABG gain of 17.4 dB where autologous ossicles, cortical bone, PORP, and cartilage or glass ionomer cement were used. In line with those earlier studies, statistically significant ABG gain and air-conduction improvement were observed in our study.
Many factors were shown to affect the functional outcomes in tympanoplasty (including the status of ossicles, the status of middle ear and mastoid mucosa, the presence of cholesteatoma, the presence of perforation or otorrhea, and patients' habitual behaviors like smoking); thus, comparing the functional outcomes of different surgical modalities is not straightforward. To overcome this difficulty, uniform reporting standardization protocols regarding these factors were established (11,13,18Y20). In many studies, different protocols and classifications for categorizing patients according to prognostic factors were used. Among those classifications, the MERI developed by Becvarovski and Kartush (13) was most often used, and its efficacy in predicting ossiculoplasty outcomes has been demonstrated (6, 11, 14, 20) . Felek et al. (14) evaluated the effects of MERI categories on functional outcomes of ossiculoplasty and they found a strong correlation between risk groups and the ABG gain. In that study, the MERI score was argued to be a prognostic determinant for postoperative ABG gain because it was observed that the ABG gain gets higher as the MERI score gets lower. In another study by Chrobok et al. (21) , the audiological evaluation of patients in different risk groups revealed that patients with low MERI scores had better postoperative air-and bone-conduction compared to patients with higher MERI scores. On the other hand, O'Reilly et al. (6) reported that a statistical association does not exist between postoperative ABG and middle ear risk groups. In our study, we observed a significant improvement in air-conduction ( p G 0.001 for both) and ABG gain ( p = 0.001, p = 0.014) for the mild-and moderaterisk groups, but the change in the severe-risk group was not statistically significant. Functional outcomes of risk groups showed significance in favor of the mild-risk group in comparison to the moderate-and severe-risk groups. Thus, we conclude that functional outcomes of ossiculoplasty in a patient depend on the middle ear risk group that he/she belongs to.
Hearing restoration can be achieved by using different materials. It is a common practice in several studies to assess the success of ossiculoplasty by comparing audiological data between certain reconstruction materials. Those studies compared either different materials or Similarly, a study conducted by Gelfand and Chang (22) showed no statistically significant difference between the use of hydroxyapatite and titanium ossicular replacement prostheses. Neudert et al. (15) demonstrated that, although the mean ABG for all types of reconstruction materials was significantly decreased postoperatively, the transmission property with autologous incus interposition was worse than that with titanium-angled prostheses or titanium clip prostheses. In some previous studies, the glass ionomer cement and incus interposition were also compared. Dere et al. (23) found that the use of bone cement and incus interposition resulted in similar significant hearing results (i.e., ABG gain of 6.3 and 8.5 dB, respectively). In their study where the efficacy of incus interposition, PORP, and bone cement in isolated incudostapedial disarticulation was compared, Babu and Seidman (7) showed significant postoperative hearing improvements in all cases. However, an important shortcoming of that study was the absence of standardization for affecting factors except ossicular status. Using the MERI classification for prognostic determination of hearing gain in ossiculoplasty, Felek et al. (14) evaluated the efficacy of different materials (i.e., autograft ossicle, autograft cortical bone, allograft ossicle, PORP, glass ionomer, and allograft septal cartilage). They showed a significant difference between the ABG gain of PORP and that of other materials. However, the possible effects of risk groups on the efficacy of different materials were not taken into consideration in that study. However, we compared the hearing gain achieved by the use of different reconstruction materials in patients who belong to the same risk group. The statistical analysis of ABG gain and air-conduction improvement revealed no significance in favor of any material in patients included the same risk group. Therefore, we conclude that the MERI score is an important determinant for the success of ossiculoplasty, although none of the reconstruction materials show superiority over others. However, other possible advantages and disadvantages of reconstruction materials such as the cost, the ease of use and fastness of application, biocompatibility, and availability should still be considered in such circumstances. If there is an available ossicle that can be sculptured for interposition, allograft prostheses should be less preferred because it is very expensive. The cost-effective glass ionomer cement is preferable in comparison to allograft prostheses because it has an easy and fast application, but rebridging could be difficult if the absent segment is not short.
CONCLUSION
The results of our study suggested that none of the specific techniques or materials were superior in respect to the functional outcomes in patients from the same risk group. The success rate was highly correlated with the pathophysiological status of the middle ear and did not depend on the type of replacement material. Thus, we conclude that the assessment of middle ear risk factors could enable surgeons to predict the success rate concerning the audiological outcomes. We propose ear surgeons to properly counsel patients on the estimated success of ossiculoplasty according to the MERI score to adjust the expectations of patients.
